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(54) Musical tone-generating niethod 

(57) A method of generating musical tones and a 
storage medium storing a program for executing the 
method are provided. Musical piece data is decom- 
posed into phrases, the musical piece data t>eing 
famed of pieces of perfomiance data arranged in the 
order of performance. Ihe pieces of performance data 
of the musical piece data are analyzed for each of the 
phrases obtained bf the decomposing stepi Tone coky 
control data is prepared for each of the phrases aocofd- 
ing to results of tfie analyzing. The pieces of perform- 
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ance data of the musical piece data are reproduced by 
sequentially reading the pieces of performance data at 
timing at which the pieces of performance data are to be 
performed to the order of performance. Tone coky char- 
acter!^ of musical tones to be generated based on 
selected ones of the pieces of performance data which 
are reproduced by the reproducing stepi are controited 
aocofcfing to the tone odior control data prepared for 
ones of the phrases to which the selected ones of the 
pieces ol performance data bek)ng. respectively. 
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Description 

BACKGROUND OF THE INVEMTIQN 

Field of the inventk)n 

The invention relates to a nrusical tone-generating 
method for generating waveforms of musical tones 
based on performance data. 

Pria Art 

Conventionally, tone generatorSv such as an FM 
tone generator, a higher harmonic-syrrthesizing tone 
generator, and a wavetu'm memory tone generator, 
generate wavefbmis of musical tones based on per- 
formance data. 

For example, in the waveform memory tone gener- 
ator, when a performance event instructing a start of 
generatfon of a musicai tCHie occurs, waveform data of a 
cun'entty selected tone cofor is read from a waveform 
memory at a speed corresponding to a pitch designated 
by the Performance 9/ent whereby a waveform of the 
musical tone is generated based on the waveform data 
read from the waveform memory. 

However, it is difficult for the conventional tone gen- 
erators to express musical tones played by perfbrmance 
methods peculiar to natural instrumenta When the 
player plays a musical piece with a natural instrument 
he selects the moet siitable performance method for 
playing each phrase of the musical piece from various 
performance methods peculiar to the natural instru- 
ment Therefore, when the musical piece is played with 
the natural instrument the tone color of musical tonee 
naturally varies with the performance method selected 
for playing each phrasa However, the conventio nal tone 
generator mentioned above cannot foithfully ei^ess 
variations in the tone cofor of the musical tones between 
performance methods. 

SUMMARY OF THE IIWEMTtQM 

It is an object of the inventfon to provide a musical 
toneijenerating method which is capable of fiafthfutly 
expressing variatfons in the tone color of nusical tones 
between performance methods pecuiar to a natural 
instrument. 

To attain the above object eoobncf ng to a first 
aspect of the inventfon. there is provided a method of 
generating musical tones, comprising a decomposing 
step of decomposing nrusfoal piece data into phrases, 
the musical piece data being fomned of pieces of per- 
formance data arranged in order of performance, an 
analyzing step of analyzing the pieces of peribrmance 
data of the musical piece data fbr each of the phrases 
obtained by the decomposing step, a preparing step of 
preparing tone color' control data for the each of the 
phrases according to results of the analyzing, a reprch 



ductng step of reproducing the pieces of performance 
data of the musical piece data by sequentially reading 
the pieces of perfonnance data at timing at which the 
pieces of performance data are to be performed, and 
5 a controlling step of controlling tone cola charac- 

teristics of musical tones t be generated based on 
selected ones ol the pieces of performance data which 
are reproduced by the reproducing step, according to 
the tone color control data prepared for ones of the 
10 phrases to which the selected ones of the pieces of per- 
formance data belong, respectivety 

To attain the above object, according to a second 
aspect of the invention, there is provided a method of 
generating musical tones, comprising a first storing step 
15 of Storing a plurality of pieces of tone color control data 
corresponding to respective perfbnnance methods in 
tone color control data-storing means, a second storing 
step of storing performance data in performance data- 
storing means, a data-generating step of generating 
20 perfomiance method data that designates which of the 
performance methods the performance data conre- 
spends ta a selecting step of selecting one of the 
pieces of tone color control data which corresponds to 
the perfonnance method data generated by the data- 
generating stepi a musical tone-generating step of gen- 
erating a musical tone based on the performance data 
and a controlling step of controlling tone color charac- 
teristics of the musical tone generated by the musical 
toneiienerating step, according to the selected one of 
the pieces of tone cofor control data. 

Preferably, the method includes a tone color-select- 
ing step of selecting a kind of tone color of a musical 
tone to be generated, and a third storing step of storing 
pieces of the performance method data peculiar to the 
selected land of tone color, in perlbrrmnce method 
data-storing means, the data^jenerating step selecting 
and generating a desired piece of peribrmance method 
data from the pieces of the peribrmance method data 
peculiar to the IM of tone color selected by the tone 
color-selecting step, according to the perfomiance data. 

PrelMaly. the pieces of tone color control data 
each include a plurelity of waveform data corresponding 
respectively to the performance methods. 

Prefsrably, the pieces of tone color control data 
each include a plurality of sounding control programs 
corresponcfing respectively to the perfonnance meth- 
ods. 

To attain the above object accorcfing to a tNrd 
aspect of the invention, there is provided a method of 
generating musicat tones, comprising a first storing step 
of storing a pairaUty of kinds of waveforms for generat- 
ing gitssando waveforms in musical tone waveform-stor- 
ing means, each of the kinds of wavefonns itself having 
a tone cofor variation characteristfoandapitchvariatfon 
cfwacteristfo peoJiar to a glissando pertormance 
method, and comprising an attack portfon to be read out 
f ffst only once and a loop portion to be repeatedly^read 
out after the attack portion isreadout awavefonn-des- 
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ignating step of sequentially designating a sequence of 
waveforms necessary for generating a desired glls- 
sand waveforrn from the plurality of Kinds of waveforms 
stored in the musical tone waveform-storing means, a 
timtng-desigiating step of designating sourxjing timing 5 
for starting reading of each waveform of the designated 
sequence of waveforms designated Isy the timing-desig- 
nating step, a first reading step of starting reading of the 
attack portfon of the each waveform of the sequence of 
waveforms, at the designated sounding timing while ter- ro 
mtnating reading of an immediately preceding wavetonn 
being sounded, a second reiading step of repeatedly 
reading the loop portion following the attack portion 
upon completion of the reading of the attack portkxi. 
and a generating step of repeatedly executing the first is 
and second reading steps to sequentially read out the 
designated sequence of waveforms and generating 
nujsical tones tsased on the designated sequence of 
wavefonns. 

To attain the above object, according to a fourth 20 
aspect of the Inventfon. there is provided a method of 
generating musical tones, comprising a storing step of 
storing a plurality of kinds of waveforms of nruisicai 
tones which change in pitch between two pitches, in 
musical tone waveform-storing means, a reading step of 25 
selectively reading out waveforms from the pluralfty of 
lends of waveforms staed in the musical tone wave- 
fam-storing means, a selecting step of selecting at ran- 
dom one wavefbnn from the plurality of kinds of 
waveforms of musical tones stored in the musical tone 30 
wavefonn-storing means whoever the selective read- 
ing of another waveform of the pturality of Wnds of wave- 
forms selected immediately before the selection of the 
one waveform is terminated, a generating step of gener- 
ating a musical tone by reading out the waveform 38 
selected by the selecting step. 

To attain ttie above object according to a frfth 
aspect of the invention, there is provided a method of 
generating musical tones, comprising a first storing step 
of storing a plurality of kinds of waveforms of musical 40 
tones each having a nrst characteristic as a fbst musical 
tone waveform group in first wavefomvetoring means, a 
second storing step of storing a plurality of kinds of 
wavefornv of mL'Sical tones each having a second char- 
acteristic as a second musical tone waveform group in 49 
second waveform-storing meana^ a selecting step of 
selecting a waveform altemately from the first musical 
tone waveform gnxp and the second musical tone 
wavefonn groi^x and a generating step of generating a 
musfoal tone by readng out the waveform selected by so 
the selecting stapi 

To attain tiie above object according to a sixth 
aspect of the invention, ttiere is provMed a storage 
medium that stores a program that can be canied out by 
a computer, conprising a decomposing module that 58 
deconposes musk»l piece data into phrasee, ttie musi- 
cal piece data being formed of pieces of performance 
data anranged in order of performance, an analyzing 



module that analyzes the pieces of performance data of 
the musical piece data for each of th phrases obtained 
by execution of ttie decomposing module, a preparing 
module that prepares tone color control data for the 
each of the phrases according to results of the analyz- 
ing, a reproducing module that reproduces the pieces of 
performance data of the musical piece data by sequen- 
tially reading the pieces of performance data at timing at 
which the pieces of perfomiance data are to be per- 
formed to the order of peribrmance. and a controlling 
module that controls tone cokx characteristics of musi- 
cal tones to be generated based on selected ones of the 
pieces of performance data which are reproduced by 
execution of tfie reproducing module, according to ttie 
tone cofor control data prepared for ones of the phrases 
to which the selected ones of the pieces of peribrmance 
data befongs. respectively. 

To attain the above object according to a seventh 
aspect of the invention, there is provkled a staage 
medium that stores a program ttiat can be earned out by 
a computer, comprising a first storing module that 
stores a plurality of pieces of tone color control data cor- 
responding to respective peribmiance methods in tone 
color control data-storing means, a second storing mod- 
ule that stores peribrmance data in peribrmance data- 
storing means, a data-generating module that gener- 
ates performance method data that designates which of 
the performance methods the performance data conre- 
sponds to. a selecting module that selects one of the 
pieces of tone cofor control data which conesponds to 
ttie perfomiance method data generated by execution 
of the data-generating module: 

a musfoat tone^jenerating module ttiat gener- 
ates a musical tone based on ttie perfomwKe data, 
and a controlling module that controls tone cofor char- 
acteristics of ttie musical tone generated by execution of 
ttie musical tone^enerating module, according to ttie 
selected one of ttie pieces of tone cofor oonttol data. 

To attain ttie above object, according to an eightti 
aspect of ttie invention, ttiere is provided a storage 
mecfium ttiat stores a program ttiat can be canied out by 
a oonputer, comprising a ftrst storing module ttiat 
stores a pluredity of kinds of waveforms for generating 
gOssando waveforms in musicaJ tone waveform-storing 
means, each of ttie Wnds of wavefomis itself havuig a 
tone cofor variation chmcteristic and a pitch variation 
characteristic pNecufiar to a gtissando performance 
mettiod, and comprising an attack portion to be read out 
first only once and a toop portion to be repeatedly read 
out after ttie attack portion is read out a wavefonm-des- 
ignating modtie ttiat sequentially designates a 
sequence of waveforma necessary for generating a 
desired gtissando wavefonn from ttie plurality of kinds of 
waveforms stored in ttie musical tone wavefonn-storing 
means, a timingKlesignating module ttiat designates 
sounding timing for starting reading of each waveform of 
ttie de^nated sequence of waveforms designated by 
execution of ttie timing^esignating module, a first read- 
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ing module that starts reading of the attack portion of 
the each waveform of the designated sequence of 
waveforms, at the designated sounding timing while ter* 
minating reacting of an immediately preceding waveform 
being sounded, a second reading module that repeat- 
edly reads the loop portion following the attack portion 
upon completfon of the reading of the attack portion, 
and a generating module that repeatedly executes the 
first and second reading module to sequentially read out 
the designated sequence of vMn^eforms and generating 
musical tones t)ased on the designated sequence of 
waveforms. 

To attain the atxive object according to a ninth 
aspect of the invention, there is provided a storage 
medium that stores a program that can be canied out by 
a computer, conrprising a storing module that stores a 
plurality of kinds of wavefonm of musical tones which 
change In pitch between two pitches, in musical tone 
waveform-storing means, a reading module that selec- 
tivety reads out waveforms from the plurality of Mnds of 
waveforms stored in the musical tone wavetornvstnrir^ 
means, a selecting module that selects at random one 
waveform from the plurality of kinds of waveforms of 
musical tones stored in the musical tone waveform-stor* 
ing means whenever the selective reading of another 
waveform of the plurality of kinds of waveforms selected 
immediately before the selection of the one waveform is 
terminated, and a generating modiie that generates a 
musfoal tone by reading out the waveform selected by 
execution of the selecting module 

To attain the abo^e object according to a tenth 
aspect of the invention, there is provided a storage 
medium that stores a program that can be carried out by 
a corrputer. corrprtsing a first storing module that 
stores a plurality of kinds of waveforms of musical tones 
each having a first characteristic as a fM musical tone 
waveform group in first wavefomrvstoring means, a sec* 
ond storing module that stores a plurafity of kinds of 
waveforms of musical tones each having a second char- 
acteristic as a second musical tone waveform group in 
second wavefornvstoring means, a selecting r.ooJe 
that selects a waveform alternately from the fvst musical 
tone waveform group and the second musical tone 
waveform groups and a genefating module that gener* 
ates a musical tone by readbig out the wsvetorm 
selected tyy execUfon of the selecting module. 

The above and ottw objects, ftaturee. and advan- 
tages of the inventfon wl become more apparent from 
the following detailed deecriptton taken in conjunction 
with the aooonrpanying dra wiig e 

BRIEF DESCRIPTION QF THE DRAWINQS 

Ftg. 1 is a bfock diagram showbig the whole 
arrangement of a musical tone-generating appara- 
tus to which a musical tone-generating method 
according to arf embodiment of the invention is 
applied: 
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Rg. 2 is a diagram showing various switches 
arranged on an operating element panel and an 
example of display displayed on a cf splay devfoe; . 
Figs. 3A to 3D are diagrams showing an exanrpte of 
3 a plurality Of ton color data stored in a hard d^ in 
a hard disk drive appearing in Rg. 1 and data for- 
mats thereof: 

Rg. 4 is a diagram which is useful in explaining a 
manner of forming glissando waveform data stored 
10 In a waveform data area appearing in Ftg. 3; 

Rgs. 5A to 5E are diagrams which are useful in 
explaining a manner of forming trill waveform data 
stored in a waveform data area appearing in Fig. 3: 
Rg& 6A and 6B are block diagrams which are use- 
rs ful in explaining a manner of assigning a perfomrt* 
ance method code to perfbrmaiKe information; 
Rgs. 7A and 7B are diagrams showing a data for- 
mat of peribrmance information and a data format 
of performance information to which ttie peribrm- 
20 ance method code is added, respectively; 

Rg. 8 is a bfock diagram which is useful in explain- 
ing an outiine of a control process canied out by the 
musical tone-generating apparatus according to the 
embodiment; 

25 Rg. 9 is a fkMvchart Showing a routine for executing 
a C performance information-reproducing process 
for reproducing a C performance information; 
Rg. 10 is a ftowchart showing a subroutine exe- 
cuted by the routine of Rg. 9 for an event process; 

30 Rg. 11 is a ftowchart showing a subroutine exe- 
cuted fay ttie routine of Rg. 9 tor a performance 
method code process; 

Rg. 12 is a ftowchart showmg a subroutine for a 
glisstfido start process; 
38 Rg. 13 is a ftowchart showmg a subroutine tor a 
glissando continuation timer procees; 
Rg. 14 is a ftowchart showing a subroutine for a trai 

1 start process; 

Fig. 15 is a fkMvchart showing a subroutine for a tril 
40 1 continuation timer process; 

Rg. 1 6 is a flowchart showing a subroutine for a trill 

2 start process; and 

Rg. 1 7 is a ftowchart showffX) a subroutine for a trill 
2 continuation timer process. 

45 

DETAIL£D DESCRIPTION 

Now. the invention wil be descrtoed in detal with 
reference to the drawings showing an embodiment 
50 thereof. 

Refenring first to Rg. 1. there is shown the whole 
arrangement of a musical tone-generating apparatus to 
which is applied a musical tone-generating method 
according to an embodiment of the invention. 
55 As shown in the figure^ the nrusical tone-generating 
apparatus of the present emboc&nent is oomprised of 
an operating element panel 1 for instructffig sampfing of 
musical tones, editing sampled mvefbrm data and tiie 
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like, inputting various kinds of information, and so on. a 
display devk:e 2 for displaying th various kinds of infor- 
mation input via the operating element panel 1. the 
sanpled waveform data, eta. a CPU 3 for controlling 
the operation of th whole musical tone-generating 5 
apparatus, a BOM 4 storing control programs executed 
by the CPU 3 and data of tables to whk:h the CPU 3 
refers, a RAM 5 for temporarily storing results of opera- 
tions of the CPU 3. various kinds of informatk)n input via 
the operating element panel 1 , etc.. a timer 6 for meas- w 
uring time intervals of execution of timer interrupt rou- 
tines executed by the CPU 3 and various kinds of times, 
a waveform Input bfock 7 which incorporates an A/D 
(analog to digital) converter and operates to convert 
(sample) an analog wusKai tone signal input via a rs 
microphone 15 into digital basic waveform data (wave- 
form data as a material of musical tone waveform data 
to be output) and write the corverted data into a wave- 
form RAM 12. an access control block 8 for controlling 
access to the waveform RAM 12 to write waveform data 20 
therein and access to the same to read waveform data 
therefrom such that no cdltsfon occurs between the two 
kinds of accesses, a waveform readout block 9 for 
accessing the waveform RAM 12 via the access control 
block8toreadwaveformdatatherefrom,adiskdrive10 25 
for driving a disk for storing waveform data, informatfon 
related to the waveform data (performance method 
analysis control data, perfonnance method interpreta- 
tfon data, perlormanoe method wavefornvdeslgnating 
data. etc. referred to hereinafter), a plurality of Mnds of 90 
tone cotor data comprised of various tone cokar paranrv 
eters and the like, various ta'nds of appOcation programa 
including contrd programs executed by the CPU 3, per- 
formance data (musk^l piece data) prepared in 
advance, etc., and a MIDI interface (I/O) 11 for inputting 35 
a MIDI (Musical Instrument Digital Interface) stgnaJ 
(code) received from an external electionic musical 
instrument arxl delivering a MIDI signal to an SDcternal 
electronic rmsical instrument or the like. 

The above coopor^nts 1 to 11 are connected to 40 
each other via a bus 14. A microphone 15 is connected 
to the waveform input block 7, which has an output 
thereof connected to an Input of the aocees control 
blocks. The access control bkDck 8 is connected to the 
wavefonn RAM 12 and the waveform readout bfock 9, 40 
and the access control bfock 8 has an output thereof 
connected to an kipu of a sound system 13 conprised 
of an amplifier and a loudspeaker. 

The disk drive 10 can drive various storage media 
which include a hard (Ssk, a ftoppydisK a CD-ROM, a so 
magneto-optkal disk, etc However, the foOowing 
desatptfon will be made on assumptfon that a hand dsk 
is driven by the disk drive 10. 

The waveform readout bfock 9 inoorporates a tone 
generator and a D/A (digital to anafog) converter, ne^ 59 
ther of which is shown. When performance data is 
reproduced to cause a note-oh event to occur, and a 
musfoal tone-generating channel is determined for the 



note^ event i.e. channel assignment is carried out 
settings for reacting out the bask: waveform data, which 
coresponds to the note-on event and other settings of 
musical ton parameters are made to the musical tone- 
generating channel. The waveform readout block 9 
reads out the basic waveform data from the waveform 
RAM 1 2 according to the former settings for reading out 
the basic waveform data, while the tone generator corv 
ti-ols the frequency characteristic amplitude character- 
istic eto. of the read waveform data according to the 
latter settings for musfoat tone parameters, whereby 
digital musical tone waveform data to be output is gen- 
erated. The D/A converter converts the digital musfoal 
tone waveform data into an anafog musical tone signal 
and delivers the resulting signal to the sound system 1 3. 
The sound system 13 converts the anafog musical tone 
signal into sounds^ 

Rg, 2 shows various switches arranged on the 
operating element panel 1 and an example of display 
displayed on the display device 2. The figure illustrates 
what is displayed on the display devfoe 2 when a per- 
fonnance method-setting mode is selected whfoh ena- 
bles the player to manually set various peribrmance 
methods to perfomnance information. 

As shown in the figure, the operating element panel 
1 has performance method-setting switches tor manu- 
ally setting a perfomiance method (selected from per- 
fomiance methods A. B. C. D. ...) for each of phrases 
obtained t>y dividmg performance data, as described 
hereinafter, and a peribrmance method termination 
amtch lor canceling the performance method set by any 
of the performance method-setting switchee. i.e. for set- 
ting a no-performance method-selected stata The dis- 
play 2 displays various Mnds of performance methods 
whfoh can be selected for the tone cofor currentfy 
selected (in the 0 tustrated exanple. ^^bendtng ' "tremofo 
1 "tremote 2". and "glissando^, in a manner corre- 
sponding respectively to the peribrmance method-set- 
ting switches. The player can add an perlorrriance 
method to performance information as desired by 
depressing a switch corre sp onding to the peribrmance 
method at a point of the performance where he wishes 
to add the performance method theretoi 

Pigs. 3A to 30 show an example of a plurality of 
tone cdor data TCDk stored in the hard disk of the disk 
drive 1 0 and datf fonnats thereof. In the figures, Rg. 3 A 
shows an arrangement in which ttie tone cofor data 
TCDk (k - 1 , 2. 3. ...) are stored in the hard disk. Rg. 3B 
a data format of an item TC05 of the tone color rfatft. 
Rg. 3C an eocanple of various lends of waveform data 
obtained by sampling and processing musical tones 
generated by various guitar performance methods and 
stored in the hard disk, assuming that the tone color 
data TC05 is tone cotor data of guitar, and Rg. 30 an 
example of various Wnds of waveform data obtained 
and stored stmilarty to the Rg. 3C exanple. assuming 
that the tone cofor data TCD5 is tone cofor data of ffuta 

The other items of the tone cofor data TCDk are 
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each famed in the same data format as that of the ton 
color data TC05. The data format is compnsed of a 
header area 21 storing a tone oola name, a data vol- 
ume, etc.. performance method analysis (a designa- 
tion) control data area 22 storing information indicative 
of Kinds of performance method supported by the tone 
color data, in other words. Information indicative of kinds 
of performance methods enrployed by a natural instru- 
ment corresponding to a tone color which the tone color 
data represents (this information is referred in the 
present embodiment as ""performance method codel. 
and Information indicative of which kind of performance 
method shoukJ be property assigned to perfonnance 
information (e.g. a sequence of peribrrnance data) 
when a performance method code indicative of the per- 
formance method Is to be assigned to the performance 
infomiation which has no performance method code 
assigned thereta a performance method interpretation 
data area 23 storing performance method interpretation 
information for determining how to process and control 
parameters of the performance information according to 
a performance method code assigned to the perfbmv 
ance information, a peribrmance method waveform- 
designating data area 24 storing performance method 
wavefomvdesignating data for correlating each per- 
formance method code to each of wavelbnn data 
obtained by sampltng and proceesing nrusical tonee 
and stored In a waveform data area 25. the waveform 
data area 25 storing the waveform data, and an other 
tone color data area 26 storing other tone coky data 

If the tone color data TCD5 is data for reproducing 
musical tones having a tone cotor of guitar, for instancep 
musical tone waveforms generated by an acoustic gui- 
tar actually played with various performance methods, 
including a normal waveform generated when the ^itar 
Is played by a normal performance ntethod, a mute 
wavefonn generated when the same is played by a 
mute perfonnance method, a gtissando waveform gen- 
erated when the same is played by a glissando peribrm- 
ance method, a tremok) waveform generated when the 
san)e is played by a tremolo peribrmance method, a 
hammering-on waveform generated when the same is 
played by a hammering-on peribrmance method, and a 
pulling-off waveform generated when the same is 
played by a pulfing-off peribrmance method, are sam- 
pled, processed, and stored in the waveform data area 
25 as shown in Fig. 3a Further, the wavefonn data area 
25 stores other data required for reproducing such vari- 
ous kinds of waveforms as mentkxted above. 

Further, if the tone cotor data TCD5 is data for 
reproduong musknl tones having a tone color of flute, 
for instance, musical tone waveforms generated by an 
acoustic flute actually played with various perfonnance 
methods, including a normal Mveform generated when 
the flute is played by a nomial perfonnance method, a 
short wavefonn generated when the same is played for 
a short time period, a tonguing waveform generated 
when the same is played t>y a tongunig perfonnance 



method, a slur waveform generated when the same is 
played by a slur performance method, and a trill wave- 
form generated when the same is played by a trill per- 
formance method, are sanpled, processed, and stored 
5 In the waveform data area 25. as shown in Rg. 30. Sim- 
llariy to Fig. 3C, the wavefam data area 25 stores other 
data. 

The tone cokx data TCDk thus stored In the hard 
disk is read out according to a tone cola designated by 
10 the player, and loaded into the wavefam RAM 12. 

Now. a manner of preparing glissando waveform 
data for storage in the waveform data area 25 will be 
described with reference to Rg. 4. In the figure, the ordi- 
nate represents prtch, and the abscissa time, while the 
15 solid line LI represents changes in the pitch of raw a 
urprocessed wavefonn data obtained by sampling a 
musk^ tone wavefam actually generated when the 
guitar is played by the player t>y a glissando peribnn- 
ance method from a pitch pi to a pitch p2. 
20 From the raw wavefam data thus obtained by sanf- 
pling, waveform data is cut out fa each note (in the illus- 
trated exan^e, waveform data conesponding to a time 
period from a time point t11 to a time point t13 is cut 
out), to thereby prepare glissando waveform data for 
each note, which has an attack portion formed by part of 
the cut-out wavefonn data (between time points t1 1 and 
t12 in the iPustrated example), and a toop porlkxi 
fonmd by the remainffig part of the same (between time 
points t12 and t13 in the iBustrated exanple). The glis- 
sando waveform data in Rg. 3C is formed by a oombi- 
natxxi of a plurality of pieces of glissando wavefam 
data prepared fa respective notes. 

When a musical tone is to be generated whfoh is 
imparted with the effect of glissando between pitches 
designated by the player, first, sounding is started f^om 
a certain nota i.a a note at a start pitch designated by 
the player. Thea sounds of a note conesponding to a 
pitch higher by one note than the pitch of the note being 
somded is instructed whenever a predetermined tin>e 
period elapse ctfUi at the same time, damping of the 
note being sounded is instructed. Thereafta, the same 
process is repeatedly carried out over a time period indi- 
cated by a glissando continuatfon beat riumber set fbr 
the gCraando perfonnance, Le. the nurrbv of beats 
ever wtMi the glissando perfonnance shoukJ be contin- 
ued. When the sounding of the note conesponding to 
the start pitch is instructed, an attack portion of namal 
wavefam data corre sp onding to this note instead of 
glissando waveform data prepared fa each note is first 
read out and then reading of a loop porlfon of the na- 
mal Mvefam data is started. The readng of the kxp 
portfon is repeatedly canied out ip to a time point at 
which a predetermined time period a elapses from a 
time point at which souxfing of the fdfowing note was 
instructed, i.a untH a time pant at wttich the volume of 
the present note is reduced below a predetermined 
threshold value (wNch nwy be ^"0 *) after darrping of the 
present note (fbr progressive reductfon of the vdume 
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through control of the volume £0) was instructed simul- 
taneously with Instruction of the souncSng of the toll 
ing note. On the other hand, over the predetermined 
time period a after the time point the sounding of the fol- 
lowing note was instructed, an attack portion of glis- 5 
sando waveform data of the following note sounding of 
which was instructed is read out and then a loop por- 
tion of the same starts to be read out Hereafter, sound- 
ing of a note conesponding to a pitch higher by one note 
than the pitch of the note being sounded is instructed w 
whenever the predetermined time period elapses, and 
in response thereta glissando waveform data (attack 
portion -f loop portion) coaesponding to the note of 
which the sounding has been instructed is read out 
This process is repeatedly carried out until one of the 75 
designated pitches (end pitch) at which tiie glissando 
performance is to be terminated is reached. The above 
process will be descnbed in further detail hereinafter 
with reference to Ftgs. 12 arxi 13. 

As described above, according to the present 20 
embodiment, separate pieces of glissando waveform 
data for respective notes are joined to each other 
(except that normal waveform data is used at the starQ 
to thereby simulate a glissando performance. To 
smoothly join together glissando waveform data of adja- 25 
cent notes, glissando waveform data for each note is 
formed using part off glissando waveform of the immecfi- 
ately preceding note, l a a musical tone waveform pa- 
tion between the time points til and t1, rather than 
using only an actual glissando waveform of each note so 
(represented by a musical tone waveform between the 
time points t1 and t2 in the illustrated example). 

Although in the present embodiment, glissando 
wavefomfi data for each note is prepared by playing the 
guitar by the glissando performance method in the 3s 
direction of the pitch being increased (prtch-fficreastng 
direction), this is not limitative, but it goee without saying 
that glissando waveform data for each note in the (Srec- 
tion of the pitch being lowered (pitch-deaeasing direc- 
tion) may be prepared In the same manner as described 40 
above for storage in the waveform data area 25. 

tkm, manners of preparing tril waveform data for 
storage in ttie waveform data area 25 wil be descrfoed 
with reference to Rga.5A to 5E. In the figure, theordh 
nate represents pitch, wNle the abedssa represents 49 
time. 

Rg. 5A shows changes in the pAch of raw or 
unprocessed trill ««veform data Ondfoated by the solkl 
line L2) obtained by sampOng a waveform of musical 
tone generated by a guitar actually played by a trill per- 50 
formance using the performance methods off puing^ 
and pulling-on. Rg. 5B shows pulling-cfff waveform data 
obtained by cutting out portions maMy indudbig tower 
pitch portions of the Rg. 5A wavetonn In whtoh higher 
pitch portions and lower pitch porttonsocar in an alter- ss 
nating manner. Each piece of the pullmg-offf waveform 
data contains a joint portion which continues from the 
end of a waveform of the immediately preceding higher 



pitch portion. Rg. 5C shows hammering-on waveform 
data obtained by cutting out portions mainly including 
higher pitch portions of the Rg. 5A waveform data. Each 
piece ol the hanvnering^ waveform data contains a 
joint portion which continues from th end of a wave- 
form of the immediately preceding lower pitch portion. 
Rg. 50 shows musical tone waveform data obtained by 
cutting out portions each constituted by a lower pitch 
portion, the following higher pitch portion, and the fol- 
lowing lower pitch portion, i.e. a portion corresponding 
to a hammering-on portion and the following putlingK>ff 
portion (hereinafter referred to as "down waveform 
dataO. while Rg. 5E shows musical tone waveform data 
obtained by cutting out portions each constituted by a 
higher pitch portion, the following tower pitch portion, 
and ttie foitowing higher pitch portion, i.e. a portion cor- 
responding to a pulling-off portion and tt^e following 
hammering-on portion (hereinafter referred to as "up 
waveform data*!. 

As shown in Rg. SB, a plurality of pieces Dk(k- 1. 
2. ...) of pulfingKJfff waveform data are cut out from the 
sampled trill waveform to form a pulling-off waveform 
group. wNch is stored In the wavefonn data area 25. In 
generating trill, pieces Ok of the pulling-cff waveform 
data are sounded, which are selected at random from 
ttie pulllng-offf waveform groups as described hereinaf- 
ter. This is because the pieces Ok of the pulBng-off 
waveform data are delicately difl^ent in duration, tone 
ootor, eto.. from each other, and therefore a musical 
tone having a pulQng-off waveform which is more free of 
mannerism can be produced by selecting at random 
pieces of puiling-ofi wavefonn data from the pulling^ 
waveform gnxp and souncfing the same, than by 
repeatedly reading out only one of the pieces Ok of the 
pulling-off waveform data and soundnig the same. 

Similariy, as shewn in Rg. 5C. a plurality off pieces 
Uk(k« 1,2. ...) of hammering-on waveform data are cut 
out from the sanpled triS waveform to form a hammer- 
ing-on wveform group, which is stored in the waveform 
data area 2& Then. In generating the tril. similariy to 
thepulKng^ waveform data which is used for generat- 
ing trill, pieces of the hammering-on wavefonn data 
are sounded, which are selected at random from the 
h am mering-on waveform groi^ This is because the 
pieces Uk of the hammering-on waveform data are del- 
icately different in (Oration, tone color, etc., from each 
other. 

Hereafter, the manner of generating musical tones 
by using the pulling-offf wavefonn data Ok and the ham- 
mering-on waveform data Uk wiO be relied to as ^'the 
tril 2 method *. 

As shown in Rg. 50. a plurality of pieces UOk (k « 
1 , 2. ...) of down wavefonn data each formed by a main 
porttonwNch shifts from a higher pitch portion to the fol- 
lowing tower pitch portion, and a joint portion continuing 
from the end of the immediately preceding tower pitch 
portion are cut out from the raw or unprocessed trill 
waveform data, and the plurality of pieces of down 
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waveform data thus prepared form a down waveform 
group, which is stored in the waveform data area 25. It 
should t>e noted that the above manner of forming the 
down waveform data UDk is not limitative, but one piec 
of waveform data may be selected from each of th 5 
hammering-on waveform data group arxJ th pulling-off 
waveform data group, and the thus selected two pieces 
of waveform data may be joined together in this order to 
form a piece of down waveform data 

Similarly, as shewn in Fig. 5E. a plurality of pieces 10 
DUk (k ■ 1 , 2. .. .) of up waveform data formed by a main 
portion which shifts from a lower pctch portion to the fol- 
lowing higher pitch portion, and a joint portion continu- 
ing from the end of the immediately preceding higher 
pitch portion are cut out from the raw or unprocessed is 
trill waveform data and the plurality of pieces of down 
waveform data thus prepared form an up waveform 
group, wht^ is stored in the waveform data area 25. It 
should be noted that the above manner of forming the 
down wavefonrn data OUk is not limitative, but one piece 20 
of waveform data ntay be selected from each of the pum 
ing-off waveform data group and the hammering-on 
waveform data grotjp. and the thus selected two pieces 
of waveform data may be joined together in this order to 
form a piece of up waveform data 2s 

In the present embodiment. nuAfoal tones of a trifl 
performance are generated by using piecee of wave- 
form data UDk or OUk fomiing the down wavefomn 
group or the up waveform groi|x This manner of gener- 
ating nusical tones wUI be hereinafter referred to as x 
""the trill 1 method'. The generation of musicai tones by 
the trim method is also canied out similarty to the trill 2 
method, i.a by sounding piecee UDk or DUk of the 
waveform data which are selected at random from a 
corresponding one of the down waveform group and the 38 
up wavetonn grotp. 

Although in the present embocfiment the trHI 1 
method, similarly to the trill 2 method, uses part of the 
raw trill wavefomn data, this is not limitative, but the up 
wavefomn data and the down waveform data may be 40 
prepared by recording (sampling) musfoai tones of gui- 
tar generated by a trill performance using a perform- 
ance method of picking and generated based on the up 
wavefbmi dath ai.d ^e down waveform data thus pre- 
pared. 45 

1^. the manner of assigning p eribr man ce method 
codes to perfomnance informatfon prepared In advance 
will be described with reference to Figa 6A. 6B. 7A and 

FigaGA and eeahistrate methods of assigning per- so 
formance method codes to the performance informa- 
tion. Fig. 6A shms a method of automaticaily assigning 
perfbmnance method codes to the performance infor- 
matfon. while Fig. 6B shows a nnethod of manualy 
assigning performance method codes to the sama ss 
Figa 7A and 7B shows a data format of perfbrmance 
information arxi a d^ format of perfbrmance informa- 
tfon having performance method codes assif^ed 



thereta respectively. 

A plurality of pieces of performance informatfon 
(hereinafter referred to as "original performance infor- 
mation SMF (Standard MIDI RIe) prepared by a 
player or a person other than the player are stored in a 
predetermine area of the hard disk in file format, and 
from these files, in response to instructions by the 
player, pieces of performance informatfon (MIDI file) are 
selected and loaded into an original performance infor- 
mation SMF storage area provided at a predetermined 
locatfonoftheRAM5. 

The original performance infbrmation SMF ia as 
shown in Ftg. 7A, is fomned of header data 31 com- 
prised e.g. of title of a musical pieca date of preparation 
of the musfoal pieca initializatfon data, such as initial 
tempa and volume of performance informatioa event 
data 32 comprised ag. of key-on eventa key-off events, 
and velocity data and duratfon data 33 indicative of tim- 
ing of reproduction of each piecis of event data. 

To assign a performance method code to aiginal 
performance informatfon SMF in an automatfo manner, 
as shcMffi in Rg. 6A. first perfbrmance informatfon anal- 
ysis is carried out That ta data of the original perfbmn- 
ance information SMF are sequentially read out and 
analyzed, and according to resulta of the analysia the 
original performance Infonnation is divkfed into 
phrasea based on which perfbrmance methods by 
whfoh the musfoal piece is to be played are determined. 
Then, performance method codee corresponding to the 
determined perfbrmance methods are output More 
spedficafly. the performance informatfon analysis is car- 
ried out by analyzing a sequence of notes represented 
by e/ent data and duratfon data in the original perform- 
ance information, based on the perfbrmance method 
analysis control data 22 set for a tone cdor (timbre) cur- 
rentiy designated, and aocoftfing to results of the analy- 
sia the sequence is divfoed into porffons (phrases) 
wftich are to be played by respective kientical perfbrm- 
ance methoda and a performance method code indfoa- 
tiveofthe kind of a perfbrmance method of each phrase 
Is generated. The perfbmnance method code is fomned 
of data incficative of the name of a perfbrmance method 
to be assif^. event data to which the perfbrmance 
method is to be assigned, parameters reqiired for gen- 
erating a musfoal tone according to the perfbrmance 
method, and the number of beats over whfoh the pcir- 
formance method is to be continued (the aforemen* 
tfoned gfissando continuatfon beat number if the 
perfbrmance method is glissando). 

If the original perfbrmance infomiatton SMF for 
analysis is for guitar, the performance method Is deter- 
mined ag. in the foflowing manner: 

1) A portfon at whfoh instaicttons are issued for 
alternately sounding two notes having respective 
pitches dm^enl from each other by a half note a a 
full-note is to be reproduced by a trill performanca 

2) A portfon at wt^ch instructions are issued for 
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sounding notes such that the pitch is inaeased or 
deaeased at short time intervals is to be repro- 
duced by a giissando performance. 

Further, if the originaJ performance Infonrotion 5 
SMF for analysis is tor flute, the performanc method is 
determined e.g. in the following manner: 

1) A portion at which instaictions are issued for 
sounding notes having a legato or gerrtty changing io 
sequence of pitches is to be reproduced by a slur 
performanca 

The performance method codes thus output are 
combined with the data of the original performance i5 
informatfon SMF and stored as C (combined) perform- 
ance information CMF in a C performance information 
storage area provided at a predetermined location of 
the RAM 5. More specifically, at a predetermined loca- 
tion of the original performance information shown in 20 
Rg. 7A, the performance method codes gnera^^d by 
the peiformance information analysis are inserted, to 
thereby generate C performance information CMF as 
shown in Ftg. 7B. The peilbnmance method codes are 
each stored at a location prior to the event data for 2s 
which the performance method code is to be desig- 
nated, and each designate the kind of a performance 
method to be designated and one or more pieces of 
event data in the sequ^ice of notes to be ptayed back 
by the peiformance method. 30 

On the other hand, to manually assign perfbnmance 
method codes to aiginal perfontiance information, as 
shown in Ftg. 6B. data of the original perfbrnnance infor- 
mation are sequ^aily read out and displayed as a 
score on the display device 2. and the user determinee os 
which portfon of the displayed score should be suitably 
played by which perforrnance method while viewing the 
sequence of notes, not shown, of the original perform- 
ance information SMF of the displayed scora Based on 
results of the determination, the user operates an event- 40 
designatbig operating element not shown ir^ Fig. 2, to 
divide the sequence into phrases wNch are to be played 
by respective perfonrance methods, and designates 
the kinds of performance methods by operating a per- 
formance method<jesignating operating element (per* 48 
fbrmance method switches in Fig. 2). whereby the 
perfbrmance method codes corre sp onding to the per- 
formance methods are output The perfonnance 
method codes are Gombtfied with the original perform- 
ance i n fon ma tion SMF and stored as C perfbrniance so 
infonnation CMF in the C performance infonnatfon stor- 
age area. 

The performance method codes are, as menttoned 
above, data for designating which of events in the 
sequence of notes should be played by which Wnd of 55 
perfbrmance method, and additionally contain data 
indicative of a lerigth of time over which the designated 
perfonnance method should continue to be used as well 



as parameters for designating details of the manner of 
carrying out the perfonnance method provided for each 
of the designated kinds of performance method. 

These parameters Include, e.g. a "speed 
parameter' and a ''curve parameter " which designate a 
manner of Instructing sounding of musical tones which 
are generated by a giissando performance at predeter* 
mined time Intervals such that one musical tone is 
higher (or lower) than the immediately preceding one by 
a half note a a full note. The ""speed parameter' Is for 
controlling an average value of the time intervals (aver- 
age speed) of generation of musical tones by the giis- 
sando perfonnance while the "cun/e parameter' is for 
controlling variation of the time intervals of generation of 
musical tones, for instance, such that the time intervals 
are shorter during a first half of the giissando perform- 
ance and fonger during a latter half of the same. That is, 
the "speed parameter 'and the **curve parameter 'con- 
trol the frequency of generation of sounding instructions 
which are sequentially generated. 

If the performance method is trill based on the trill 1 
method, the performance method code therefor con- 
tains a "speed parameter' for controlling an average 
value d time intervals at which instructions are given for 
sounding musical tones having i^sper and lower pitchee 
in an alternating manner by a trill peribrmance. a "cun^e 
parameter ' for controlling variation of the time intenmls. 
an **upAiMn parameter' for determining which of the 
up waveform data and the down wavefomfi data is to be 
used, and so on. 

Further, when a peribrmance by the guitar is repro- 
duced, two notee played in suocessfon can be 
eotpressed by the perfonnance method of bending. 
Therefore, a second note played by bending may be 
reafized by bendng waveform data prepared by sam- 
pfing a waveform of an actual bending peribrmance. 
Ateo in the case of the peribmiance method of bending, 
the performance method code contains a "speed 
parameter' and a "curve parameter'. The "speed 
parameter' in this case represente a time interval 
between the start of bending and a transitfon to a souid 
after the bendlna whie the "cunre parameter' repre- 
sente changes in pitch during the time interval. To make 
the bendffig waveform data agree with the "speed 
parameter' and the "curve parameter', a time stretch 
method may be^ employed in which waveform data is 
stretched or shortened along time axis while makitain- 
ing pitches thereoi 

Thus, different Wnds of parameters are provided for 
respective peribrmance method codes depending on 
the kinds of instrumente to be evnulated and peribrm- 
ance methods to be assigned. 

These parameters may be automatically set 
according to time intervals of oocun'ence of evente and 
the like obtained by analyzing the went data per se des- 
ignated by a peitormance method code therefor and 
duratfon data therebetween, or attematively, set by the 
user, parameter by parameter, by operating an operat- 
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ing element therefor, not shown. 

Now, an outline of a control process carried out by 
the musicat tone-generating apparatus constructed as 
above will be described with reference to Fig. 8. and 
then the control process wilt be described in further 5 
detail with reference to Rgs. 9 to 1 7. 

Rg. 8 illustrates how an automatic performanc 
process is carried out by the musical tone-generating 
apparatus according to the present embodiment based 
on C performance information CMP. ro 

As shown in the figure, data of the C performance 
information CMF stored in the C performance informa- 
tion storage area is read out piece by piece, and sub- 
jected to timing decoding. The timing decoding is a 
process for reading out the data such that when a piece is 
of data read out is duration data, the following piece of 
data is pernrtrtted to be read out after waiting for the 
lapse of a time period corresponding to duration desig- 
nated by the duration data. TTie process of time decod- 
ing is carried out by nxxjrfying the value of the duration 20 
data according to a value of tempo data stored in the 
header area 31 . and inhibiting the reading of the C per- 
formance information CMF until the nxxlified value of 
the duration data, which is decremented in synchronism 
with a tinw interruption signal generated by the timer 6. 25 
becomes equal to "0". Instead of modifyvig tiie value of 
the duration data according to ttie value of terrpo data, 
thedeaemental value may be modified according to the 
value of tempo data. Further, instead of modifying the 
value of duration data according to the value off tempo 30 
data, tiie timer inteouptidn time may be changed 
according to ttie value of tempo data 

As a result of the time decoding, one of two kinds of 
data, i.a ttie event data and the perlbmriance method 
code data, is read out. whereby a MIDI event (which 38 
means an event generated by event data i.a MIDI data 
in Rg. 7'. but will be abbreviated merely as an "event" 
when there is no fear of confusion) or a perfor ma nce 
method code is generated. 

When tfie performance method code is read out, 40 
which contains, as described above, a pertbrmance 
method automatically determined (or manually desig- 
nated), an event or events to which the perform a n ce 
method is to be assigned (hereinafter r^erred to as 
"desi9iatedevent(s)').>«rious parameters peculiar to 49 
the pertonnance method, and trw number of beats over 
which the use of the perlormance method is to be con- 
tinued, ttiese data are read out and stored in a buffer 
provided at a predetem*ied location off the RAM 5. An 
event or events which have not yet occurred and corre- so 
spond to ttie designated event(s) stored in ttie buffer 
(hereafter, data of ttie desif^iated event(s) stored in the 
buff^ wilt be also referred to as "designated event(s)') 
so long as ttiere is no fear of confusion) are searched, 
and a predeterntined mark Is attached to ttie event(s) S8 
searched out 

When an event occurs, rt is determined whettier or 
not ttie event has ttie mark attached thereta If ttie event 



has ttie mark, a designated event-extracting process is 
carried out to extract th event (l e. ttie designated 
event). When ttie designated event has been extracted 
by ttiis process, ttie tone generator control is not carried 
out according to ttie designated event but ttie perform- 
anc method interpretation block controls ttie ton gen- 
erator such ttiat a musical tone is generated witti 
musical tone variation characteristics, such as tone 
color variation, pitch variatton and amplitude variation, 
which are dependent on ttie kind of ttie performance 
mettiod, according to ttie information of ttie designated 
event and ttie performance mettiod stored in ttie buffer. 

On ttie ottier hand, when ttie designated event- 
extracting process does not extract ttie designated 
evisnt ttiat is. when a nonnal event ottier ttian ttie des- 
ignated event occurs, ttie event is used for normal con- 
trol of ttie tone generator. For exampla when ttie event 
which has occun-ed is a note^ event, and at the same 
time it is not ttie designated event normal sounding 
instructions responsive to ttie note-on event are issued. 
This generates a normal musical tone as a single musi- 
cal tone which does not involve special time processing 
and ttie like, based on nonnal waveform data shown in 
Rg. 3, whN:h is different from a special performance 
mettiod waveform. 

Rg. 9 shows a routine for canrying out a process for 
reproducing C performance information CMF (C per- 
fonnance information-reproducing process), which is 
started when ttie player instmcts reproductton of ttie C 
perfomiance information CMF by using ttie operating 
element panel 1 orttielika 

Referring to Rg. 9. first, at a step SI . initialization off 
various devices, parameters, ete. is carried out This ini- 
tialization includes a process for reading ttie Cperfomn- 
ance infomiation selected by ttie player from the hard 
disk to toad ttie same in ttie C performance information 
storage area, a process for reading ttie tone cotor data 
TCDk used by ttie C perfomnance infonnation CMF f^om 
ttie hard disk to toad ttie same in a predetermined area 
off ttie waveform RAM 12. and a process for setting ttie 
tempo according to temp data stored in ttie header erf 
ttie C performance infor ma tkan CMF. 

Then, occurrence off Initiating factors is checked fbr 
atastep S2. 

Initiating factor 1: any of ttie above-mentioned 
events occurs. / 

Initiating factor 2: any off the performance mettiod 
codes occurs. 

Initiating factor 3: ttie timer 6 detects the lapse of a 
time period set ttiereto. 

Initiating factor 4: any request event ottier ttian 
ttiose constitutffig ttie initiating factors 1 to 3, and 5 is 
detected: for example, an operation event indicating ttiat 
ttie user operates ttie operating element panel 1 is 
detected. 

Initiating factor 5: ttie power switch, not shown, is 
turned off. 

At ttie following step S3, it is determined whettier or . 
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not any of the above initiating factors 1 to 5 has 
occurred, tf none of the initiating factors 1 to 5 has 
occurred, the program returns to the step S2. If any of 
th initiating factors 1-5 has occuned. on the other 
hand, the program proceeds to a stej3 S4 to determine 5 
which of the above initiating factors has occurred. 

If the result of deterjntnatton at the step S4 indi- 
cates that the "initiating fiactor 1 ' has occurred, the pro- 
gram proceeds to a step S5 to execute an event process 
(details of which will be described hereinafter with refer- 10 
ence to Fig. 10) with respect to the generated MIDI 
event tf the ''initiating facta 2" has occurred, the pro- 
gram proceeds to a step S6 to execute a performance 
method code process (details of which will be described 
hereinafter with reference to Fig. 11) with respect to the is 
generated pertormance nrrethod cod& tf the Initiating 
facta 3* has occurred, the program proceeds to a step 

57 to execute a timer process subroutine described 
hereinafter with reference to Rg. 13. If the "initiating 
facta 4' has occured. the program proceeds to a step 20 

58 to execute other processes with respect to the gen- 
erated request ^ent If the Initiating factor 5** has 
occured. the program proceeds to a step S9 to execute 
a predetermined tenminating procesa 

After any Gtf the above steps S5 - S8 is conpleted, 25 
the program returns to the step S2 to repeat the above- 
desatt)ed processing. If the temiinating process of the 
step S9 is completed, the present C perfamance Infa- 
mation-reproducing process is terminated a com- 
pleted. 30 

Ftg. 10 shows a subroutine for carrying out the 
above-mentioned event process. 

Referring to Fig. 10. first at a step S11, the event 
data constituting the initiating tacta 1 is stored in an 
event data storage area ED provided at a predeter- 35 
mined location of the RAM 5 (hereinafter the contents 
stored in this area wai be referred to as *event data 

Then, it is detennined at a step S12 whether a not 
the event data ED is designated as having been 40 
"processed". The designation of ^'processed' means 
that the mark referred to hereinabove with reference to 
Fig. 8 has been attached to the event and therefaethe 
event data designated as having been "processed' is 
data fa which a special pertormance method is desig- 48 
nated. i.a the designated event dalL 

If it is determined at the step S12 that the data is not 
designated as having been "^processed", the nonnal 
musical tone control other than the performance 
method code pirocees Is carried out in response to the so 
event data ED at a step S13. Fa example, if the event 
data ED is a "notion event", generation of one musical 
tone based on the normal waveform data is instructed to 
the tone generator (l a the access control block 8. the 
waveiomi readout btock 9. and wavefonn RAM 12). 55 
white if the event data ED is a "^note^ event", one 
musical tone conesponding thaeto which is being gen- 
erated by the tone generator is set to a state of release 



whereby the sounding of the nrtusical tone is terminated. 

On the other hand, if it is determined at the step 
312 that the event data ED is designated as having 
been "processed", the present subroutine for the event 
process is immediately tenninated. 

Rg. 1 1 shows a subroutine for carrying out the pa- 
fbrmance method code process executed at the step 
S6. 

Rrst at a step S21 , the perfamance method code 
data constituting the initiating facta is staed in a pa* 
fbrmance method code data storage area PTC provided 
at a predetermine location of the RAM 5 (hereinafter the 
contents staed in this area will be refen^ed to as "pa- 
formance method code data PTC 

Then, event data la which the perfamance method 
is designated by the perfbnnance method code data 
PTC is searched fa at a step S22. This search is car- 
ried out on pieces of event data in the C perfamance 
information CMF. which have not yet occurred (not yet 
been read out), based on the designated event data 
staed in the buffa. 

If the designated event data has been found by this 
search, the event is designated as havmg been 
"processed" at a step S24, and a subroutine fa a pa- 
formance method interpretatton process is executed at 
a step 825. On the otha hand, if the designated data 
has not been found by the search, the present subrou- 
tine fbr the performance method code process is imme- 
diately terminated. 

The subroutine fa the performance method inta- 
pretation process is constituted by a plurality of subrou- 
tines corespovfing respectively to a plurality of 
perfonnance methods pecufiar to each selected tone 
cola, and contained m the performance method inta- 
pretation control data 23 in Rg. 3. The designated 
a^ent(8), i.a the event data designated by the perfonn- 
ance method code can include a plurality of events in 
the sequence of the C performance infomation CMF. 
For example, if the designated perfbrmance method is 
triB, the ^ecfieoce of notes contains note-on events 
aKemately occurring and having two pitches diffaent 
from each otha by a half note a a fufl note, as the event 
data ED, and hence the perfamance method code of 
trlH designates these plurality of events. Furtha, this is 
the same with the case whae the designated perform- 
ance method is glissanda That ts. one glissando pa- 
fomance nrrethod code designates a sequence of aU 
event data of (or related to) a glissando perfamance. 
'To Interpret the perfbrmance method ' means carrying 
out musical tone control based on the l«id of perfam- 
ance method designated by the perfonnance method 
code instead of nrusical tone control originally carried 
out based on the event data. The nvjsical tone control 
based on the perfamance method code depends on 
contsnts of the event data. For example, the nrusical 
tone control based on the perfamance method code of 
triQ canies out trill of two pitches in a manna con-e* 
spending to notMn's of the two pitches alternately 
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Stored in the C performance infornnation. Although in the 
present embodiment, as the speed parameter, one con- 
tained in the performance method code is used, this is 
not timrtative but an average value of time intervals of 
note-on's of two pitches may be used instead. 5 

Fig. 12 shows a subroutine for carrying out a glis- 
sando start process when the tone color of guitar is des- 
ignated. This process is part of the performance method 
interpretation process described above, and is called for 
execution only once at the step S25 in Fig. 11 , when the 10 
performance method code data PTC designates 
''glissando'. 

Refening to Fig. 1 2. first at a step S31 . a sounding 
schedule SS is prepared based on the start pitch and 
end pitch to which the effect of glissando is to be 15 
inparted as well as the speed parameter and the curve 
parameter out of various parameters stored in the 
buffer. For glissando. events of a sequence of nmisical 
tones progressively rising In pitch (or falling in pitch) in 
the sequence are designated by the performance 20 
method code. In the musical tone control based on the 
performance method code of glissanda the perform- 
ance method code replaces these everrts. For example, 
the start pitch and the end pitch conrespond to the first 
pitch and the last pitch of the sequence of musical tones 2S 
rising in pitch (or bUing in pitch), respectively. Further, 
the musical tone generated by glissando rises (or fans) 
according to the scale of a particular key. and therefore 
the nusical tone control m carried out by determining 
the key of the sequence of nfusical tones to be gener- 30 
ated t9y the events, and at the same by detenmining 
which scale should be used. The sound^ schedule is 
formed by short phrase data containing instructions lor 
soundng of a plurality of notes to actually carry out the 
performance method designated by the perfbnnance 35 
method code, and contains data for designating man- 
ners of generating musical tones, such as sounding til- 
ing suitable for each performance method carried out 
over the duration of each phrase, pitch variatk)n, wsve- 
Ibrm variation, ^^ume variation, etc. 40 

Then, the souncting of a start wavefonm based on 
the sounding schedule SS is started at a step S32. 
More specifically, the pitch, waveform data (as the start 
waveform, normal waveform data is used, instead of the 
glissando waveform data, as desorttMd hereinabove). 45 
volume EG, etc., which are indtoated by the souncfing 
schedule SS are set to the tone generator, whereby the 
sounding is started 

Then, timing for instructing sounding of a musical 
tone foOowing the musical tone of the start pitch of the so 
sequence of rrusksl tones rising In pitch (or faUkig in 
pitch) sequentially designated for sounding by the glis- 
sando perfonnance. La a time period con^espondlng to 
a time Intend between the timing of sounding of the 
musk»t tone of the start pitch and the timing of sound- 58 
ing of the foHowtng musical tone is set to the timer 6, at 
a step S33. followed*by tenminating the gfissando start 
process. 



Thus, at the tone generator, the attack portkjn of the 
start waveform data designated at the step S32 is read 
out. and then the loop portion of the same waveform 
data is repeatedly read out, whereby the muswal ton 
generated based on the start waveform continues to be 
sounded over a time period indcated by the sounding 
schedule SS. e.g. until the volume of the musical tone is 
progressively decreased in response to an instruction 
for starting damping of the musical tone given at a step 
S41. referred to hereinafter, bekaw a predetenmined 
threshold value (until the musfcal tone becomes hardly 
heard). 

Rg. 13 shows a subroutine for canying a glissando 
continuation timer process as part of the timer process 
subroutine at the step S7. which is executed when the 
timer 6 detects the lapse of the time period set at the 
step S33. 

Referring to Fig. 13. the damping of a nrusical tone 
being generated is started at a step S41 . 

Then, accc^ng to the sounding schedule SS. 
sounding of the fdkMving musical tone is started at a 
step S42. More specifically, a portion (waveform data) of 
glissando waveform data (one piece of waveform data 
fcxmed by the attack portion and the loop portion, 
described hereinabove with reference to Fig. 4) is des- 
ignated. whk:h corresponds to the fo(k>wing musical 
tone indk:ated by the sounding schedule, i.a a musk»l 
tone following the last nriusical tone of a sequence of 
musical tones rising in pitch (or falling in pitch) which are 
successively designated for sounding by a glissando 
perfonnance. and similarty to the step S32, the desig- 
nated wavefonm data, as wefl asthe pitch designated by 
the soundng schedule SS, the volume EQ. etc. are set 
to ttie tone generator, folkswed by starting the sounding. 

Then, it is deteoTwied at a step S43 whether or not 
the pitch of the muskal tone being sounded is the end 
pitch. If the pitch is not the end pitch, i.a there remains 
a portkxi of the glissmio waveform to be generated 
(glissando waveform of each note to be read ouQ, simi- 
tarty to the step S33. the timer 6 is set aocoid^ to the 
sounding schedule SS at a step S44. followed by tenni- 
nating the glissando continuation tinw procesa 

On the other hand, if it is determined at the step 
S43 that the muswal tone being sounded has the end 
pitch, the glissando continuation timer process is immj^ 
diately terminated. 

It shoiM be rwlfed that when a peffonnance method 
of stroke is to be simulated, the simulation can be 
effected by modifying the above method of aniiating 
the perfonnance method of ^issanda Mae specif icaily. 
the sounding schedule SS at the step S31 is modeled to 
one for the performance method of stroke, and the 
sounding timing pattern is made denser than one for 
arpeggios and the damping process at the step S41 is 
omitted. 

Fig. 14 shows a subroutine for carrying out a triU 1 
start process when the tone coky of guitar is^esig- 
nated. This process forms part of the subroutine for the 
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performance method interpretation process at the step 
S6. and is called for execution only once at the step S25 
in Fig. 1 1 when the performance method code data PTC 
designates "the trill 1 method". 

Refening to F»g. 14. first at a step S51 , it is deter- s 
mined whether or not the player has designated the 
prtch-increasing direction as the trilling direction. If the 
player has designated the pitch-decreasing direction, a 
waveform group corresponding to the speed parameter 
is selected out of the down waveform groip described io 
hereinabcve with reference to Fig. 50. at a step 352. On 
the other hand, if the player has designated the prtch- 
increasing direction, a waveform group conesponding 
to the speed parameter is selected out of the up wave- 
form group described hereinabove with reference to Fig. 75 
5E.atastepS53. 

At the following step S54. the sounding of the start 
waveform of the waveform group selected at the step 
SS2 or S53 is started, and then the trill 1 start process 
is terminated. 20 

Rg. 15 shows a subroutine for carrying out a trill 1 
continuation timer process as part of the Fig. 7 subrou- 
tine for the timer procesa The trill 1 continuation timer 
process is started when the timer 6 detects the lapse of 
a predetermined time period. i.a a time period within 25 
which the reading of the start waveform designated for 
sounding by the tri0 1 start process described with refer- 
ence to Fig. 14 is completed. 

Refemng to Fig. 15. first at a step S61. it is deter- 
mined whether or not a designated continuatton time x 
period, i.e. a time period during wNch the perfor ma nce 
based on the trill 1 method is to be centred has 
elapsed. If the contiruiation time period within elapsed, 
the trin 1 continuation timer process is immediately ter- 
minated, whereas if the designated continuation tinrte 3$ 
period has not elapsed, the program proceeds to a step 
S62. 

At the step S62. a random number is generated, 
and at the following step S63. a waveform is selected 
from the selected waveform group according to the ran- 40 
dom number. Then, at a step S64. the sounding of a 
musical tone based on the selected waveform is 
started, and then the triBI continuation timer process is 
terminated. 

Ftg. 16 shms a subroutine for carrying out a trill 2 48 
start process when the tone oolor of guitar is selected. 
This process fonms part of the subroutine executed at 
step S6 for carrying out the performance method inter- 
pretation process; and is called for execution only once 
at the step S25 in Rg. 11 when the performance method so 
code PTC designates "the trii 2 method*. 

Refening to Fig. 16.rirst atastepSTI. thepulfing- 
off (lower pitch) wavefonn grotp described hereinabove 
with reference to Fig. SB is selected, and then at a step 
S72. the hammering-on (upper pitch) waveform group S9 
desafoed hereinabove with reference to Rg. 5C is 
selected. 

Then.itisdetemiinedatastepS73 whether or not 



the player has designated the pitch-increasing direction 
as the initial trilling direction. On the other hand, if th 
player has designated the pitch-decreasing direction as 
the initial trilling direction, a trilling direction flag U. 
which, when set to "1 indicates that the trilling direc- 
tion is the pitch-increasing drection. is set to "0" (which 
indicates that the pitch^ecreasing direction has been 
designated) at a step S73. and a start waveform is 
selected from the lower pitch waveform group, at a step 
S75. 

On the other hand, if it is determined at the step 
S73 that the player has designated the pitch-increasing 
direction as the ir^tial trilling direction, the trilling direc- 
tion flag U is set to "r (which indicates that the pitch- 
increasing direction has been designated") at a step 
S76. and a start waveform is selected from the upper 
pitch waveform group at a step S77. 

At the following step S78. the sounding of a musical 
tone based on the start wavefomi selected at the step 
S75 or S77 is started, followed by terminating the trill 2 
start proces& 

Rg. 17 shows a subroutine for carrying out the trill 
2 continuation time process wt^ forms part of the sub* 
routine executed at the steps? for carrying out the timer 
process. The trill 2 continuation timer process is started 
when the timer 6 detects the lapse of a predeterrr^ned 
time period, i.e. a time period within which the reading 
of the start ¥«veform designated by the trill 2 start proc- 
ess descrfoed above with reference to Rg. 14 is com- 
pleted. 

Refening to Fig. 17. frst al a step S81. it is deter- 
mined whether or not a designated continuation time 
period. i.a a time period during which a trill 2 perform- 
ance is to be continued has elapsed. If the continuation 
time period has lapsed, the trill 2 continuation timer 
process is terminated, whereas if the designatsd contin- 
uation time period has elapsed, the program proceeds 
to a step S82. wherein a random number is generated. 

At the foOow^ step S83. it is determined whether 
or not the trifling cfirection flag U assumes "r.lf U-0 
holds. i.a if the trifling direction is the pitch-decreasing 
direction, a waveform is selected from the hamningKHi 
(upper pitch) waveform group according to the gener- 
ated random number referred to hereinabove at a step 
S84. On the other hand. If U « 1 holds, i.e. if the trilflng 
direction is the pitch-increasing direction, a waveform is 
selected firom the puffing^ (lower pitch) waveform 
group according to the generated random number at a 
stepSas. 

Then, the sounding of a musical tone based on the 
waveform selected at the step S84 or S85 is started at a 
step see. and then the triUkig direction flag U is 
Inverted, foflowed by terminating the trifl 2 continuation 
timer process^ 

As described above, according to the present 
embodbnent musical tones generated by specific per- 
fonnance methods peculiar to natural instruments are 
sampled, and the sampled musical tone data are proc- 
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esGod and stored in a memory deoce. such as a hard 
dIsK and the performance methods peculiar to the nat- 
ural instruments are sinrulated based on the rmjsical 
tone data thus stored. Therefore, rt is possible to faith- 
fully reproduce variations in tone color caused by vari- 
ous performance methods peculiar to each natural 
instrument. 

Atthough in the present embodiment waveform 
data based on various performance methods, such as 
glissando waveform data and tremolo waveform data, 
are prepared for each note, this is not limitative but 
since a normal waveform memory tone generator can 
easily effect a pitch shift by using an F number or the 
like, only one waveform data may be prepared for each 
sequence of a plurality of notes and subjected to pitch 
shift according to each note. This can reduce the capac- 
ity of the waveform memory. 

Further, although in the present embodiment 
waveforms based on pullingoff and hanrvnering-on per- 
formance methods are recorded or sanpled as trill raw 
waveform data, this is not limitative, but there .n&y 
also employed trill perfiymance waveforms generated 
by sliding fingers at frets, or a pitch bend performance 
method. 

It should be noted that according to the present 
embodiment, the designation of a performance method 
and the reproduction of performance information are 
separately carried out this is not limitative, but real tinte 
performance or automatic performance reproduction 
may be canied out by deeignating a perfonmance 
method in real time using a manual perfbrmance 
method-designating switch. 

Further, although in the present embodiment a 
wavefomi memory tone generator Is employed as the 
tone generator, this is not limitativa but the present 
invention can be applied to other types of tone genera- 
tors. In such a case, instead of providing a p^ity of 
waveforms conrespondng to a plurality of perfbrmance 
methods, only Mnds of waveforms conresponding to per- 
formance methods to which tone color parameters can 
be set may be provided, whereby simiarly to the 
present embodiment the sounding of musical tones 
may be controlled by a sounding control prof^am suita- 
ble for each performance method. The object of the 
present invention m^ be accomplished by provicBng a 
storage niediun in which a software program having the 
functions off the above<le6oribed embodi m en t is 
recorded, in a system or apparatLM, and causffig a com- 
puter (CPU 3 or MPU) of the system or apparatus to 

read out and execute the program stored in the storage 

nradium. 

In this case, the program itself read out from the 
storage mecfium achieves the novel functions of the 
present invention, and the storage medium storing the 
program constitutes or provides the present invention. 

The storage medium for supplying the program to 
the system or apparatus may be in the form of the hard 
disc as described above. CD-ROM. MO, MD. floppy 



disc. CD-R (CD-Recordable), magnetic tape, nonvola- 
tile memory card, or ROM 4. for example Alsa the pro- 
gram may be supplied from other MIDI equipment or a 
server computer through a comnmjnication network. 

The functions of the illustrated embodiment may be 
accomplished not only by executing the program read 
out by the computer, but also by causing an OS operat- 
ing on the computer to perform a part of or all of actual 
operations according to the instructions of the program. 

Further, the program read out from the storage 
medium may be written in a memory provided in an 
expanded function board inserted in the corrputer. or an 
eoqsanded function unit connected to the computer, and 
the CPU 3 a the like provided in the expanded functton 
board or esqsanded function unit may actually perform a 
part of or all of the operattons. based on the instructions 
of the program, so as to accompltsh the functions of the 
illustrated embodim^ 
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1. A method of generating musical tones, comprising: 
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a decomposing step of deconposing musical 
piece data into phrases, said musical piece 
data being formed of pieces off performance 
data arranged in order off performance; 
an analyzing step of analyzing said pieces off 
perfonmance data of said musical piece data 
for each of said phrases obtained by said 
decomposing step; 

a preparing step off preparing tone cola control 
data for said each off said phrases according to 
results off said analyzing; 
a reproducing step off reproducing said pieces 
of perfbrmance data off said musical piece data 
by sequentiatly reading said pieces of perform- 
ance data at timing at which said pieces of per- 
fbrmance data are to be performed: and 
a controlSng step off contiolling tone cotor char- 
acteristics off musical tones to be generated 
based on selected ones off said pieces off per- 
fonnance data which are reproduced by said 
reproducing stepi according to sakj tone color 
control data prepared for ones off sakf phrases 
to which said selected ones of said pieces off 
performance data belong, respectively. 

2. A method off generating musical tones, comprising: 

a first storing step off storing a plurality off 
pieces of tone cotor control data corresponding 
to respective peribrmance methods in tone 
cotor control data-storing means; 
a second storing step off storing performance 
data in performa nce data-storing means: 
a data-generattog step of generating peribnm- 
ance method data that designates which off 
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said pertormance methods said performance 
data corresponds to; 

a selecting step of selecting one of said pieces 

of tone color control data which corresponds to 

said performance method data generated by 5 

said data-generating step; 

a musical tone-generating step of generating a 

musical tone based on said performance data; 

and 

a controlling step of controlling tone color char- w 
acteristics of said musical tone generated by 
said musicat tone-generating step, according to 
said selected one of said pieces of tone color 
control data. 

IS 

X A method according to daim 2, including: 

a tone cola-selecting step of selecting a kind of 
tone color of a musical tone to be generated; 
and 20 
a third storing step of storing pieces of said per- 
formance method data peculiar to said 7. 
selected Mnd of tone color, in performance 
method data-storing means; 

said dataijenerating step selecting and 25 
generating a desired piece of perfonnance 
method data from said pieces of said perfbrnv 
ance method data peculiar to said Usnd of tone 
color selected by said tone color-selecting stepi 
according to said performance data. jo 

4. A method according to daim 2. wherein said pieces 
of tone color control data each indude a plurality of 
waveform data corresponding respectively to said 
performance methoda 3$ 

5. A method according to daim 2, whereni said pieces 
of tone color control data each ffKUe a plurality of 
sounding control programs corresponcfing respec- 
tively to said performance methoda 40 

S. A method of generating musical tones, conpri si ng: 

a first storing step of storing a plurafity of kinds a. 
of Mveforms tar generating gfissan^o wave- 45 
forms in musical tone wovetarni-storing means* 
each of said kinds of wavefonms itself having a 
tone color variation characteristic and a pitch 
variation characteristic peculiar to a gfissando 
performance method, and comprising an attack 50 
portion to be read out first only once and a toop 
portfon to be repeatedly read out after said 
attack portfon is read out 
a wavefornvdesignating stsp of sequentially 
designating a sequence of waveforms neces- 55 
sary for generating a desired giissando wave- 
form from said plurality of kinds of waveforms 
stored in said musical tone waveform-storing 



means; 

a timing-designating step of designating 
sounding timing for starting reading of each 
waveform of said sequence of waveforms des- 
ignated by said timing-designating step; 
a first reading step of starting reading of said 
attack portfon of said each wavefbmi of said 
designatsd sequence of waveforms, at said 
designated sounding timing while terminating 
reading of an immediately preceding waveform 
being sounded: 

a second reading step of repeatedly reading 
said loop portfon following said attack portion 
upon completfon of said reading of said attack 
portion; and 

a generating step of repeatedly executing said 
first and second reading steps to sequentially 
read out said designated sequence of wave- 
forn« and generating musfoal tones based on 
said designated sequence of waveforms. 

A method of generating musical tones, comprising: 

a storing step of stornig a plurality of kinds of 
waveforms of musical tones which change in 
pitch between two prtchee. in mt^foal tone 
waveform-storing means: 
a reading step of selectively reading out wave- 
fbnns from said plurality of kinds of waveforms 
staed in said musfoal tone wavefonm-storing 
means; 

a sheeting ^ep of selecting at random one 
waveform from said p^ity of kinds of wave- 
fomris of musical tones stored in said musfoal 
tone mvefornrv-storing means whenever said 
selective reacting of another waveform of said 
plurality of Wnds of waveforms selected imme* 
diately before safo selection of said one yvave- 
form is terminated; 

a generating step of generating a musical tone 
by reacting out said waveform selected by said 
selecting stapi 

A nrtethod of generating musical tones, conprising; 

a first storing step of storing a plurality of Wnds 
of waveforms of musical tones each having a 
first characteristic as a frst musfoal tone wave- 
form grop in fM wavefonn-storing means: 
a second storfrig step of stormg a plurality of 
kinds of waveforms of musical tones each hav- 
ing a second characteristfo as a second musi- 
cal tone waveform group in second waveform- 
storing means: 

a selecting step of selecting a waveform atter- 
nateiy firom said first musical tone waveform 
group and said second musfoal tone waveform 
group; and 
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a generating step of generating a musical tone 
by reading out said waveform selected by said 
selecting step. 

9. A staage medium that stores a program that can 5 
be carried out by a computer, comprising: 

a decomposing module that decomposes 
musical piece data into phrases, said musical 
piece data being formed of pieces of perform- io 
ance data an-anged in order of performance: 
an analyzing module that analyzes said pieces 
of performance data of said musical piece data 
for each of said phrases obtained by execution 
of said deoonposing module; is 
a preparing module that prepares tone color 
control data for said each of said phrases 
according to results of said analyzing; 
a reproducing module that reproduces said 
pieces of performance data of said musical so 
piece data by sequentially reading said pieces 
of perfbrmance data at timing at which said 
pieces of performance data are to be per* 
formed; and 

a controlling module that controls tone color 2S 
characteristics of musical tones to be gener- 
ated based on selected ones of said pieces of 
performance data which are reproduced by 
executton of said reproducing module, accord- 
ing to said tone color control data prepared for 30 
ones of said phrases to which said selected 
ones of said pieces of performance data 
belong, respectively. 

10. A staage medium that stores a program that can 35 
be canied out by a conputer. comprising: 

a first storing module that stores a plurality of 
pieces of tone odor control data corresponding 
to respective perlbrnwce methods in tone 40 
color control data-storing means; 
a second storing module that stores perform- 
ance data in performance data-storing means: 
a data-generating module that generates per- 
formance method data that designates which 45 
of said perfor ma nce methods said perfonrv 
ance data corresporxls to; 
a selectino module that selects one of said 
pieces of tone color control data which corre- 
sponds to said perfor ma nce method data gen- so 
erated by execution of said data-generating 
nxxlute: 

a musical tone-generating module that gener- 
ates a musical tone based on said periprmance 
data; and ss 
a controlling module that controls tone cotor 
characteristics of said musical tone generated 
by execution of said musical tone-generating 



module, according to said selected one of said 
pieces of tone color control data. 

11. A storage medium that stores a program that can 
be can-led out by a corrputer. comprising: 

a first storing nxxjule that stores a plurality of 
kinds of waveforms for generating giissando 
waveforms in nrusical tone waveform-storing 
means, each of said kinds of wavefornrts itself 
having a tone color variation characteristic and 
a pitoh variation characteristic peculiar to a glis- 
sarxfo perfbrmance method, and comprising 
an attack portion to be read out first only once 
and a foop portion to be repeatedly read out 
after said attacl( portion is read out; 
a wavefomvdesignating module that sequen- 
tially designates a sequence of waveforms nec- 
essary for generating a desired giissando 
waveform from said plurality of kinds of wave- 
forms stored in said rrusical tone waveform- 
storing mearts; 

a timing-designating module that designates 
sounding timing for starting reading of each 
waveform of said sequence of wavefbrnrs des- 
ignated by execution of said timing-designating 
module: 

a first leaJng module that starts reading of 
said attack portion of sakf each waveform of 
said designated sequence of wavefomns. at 
sakJ designated sounding timing while termi- 
nating reading of an immediately precedff)g 
waveform being sounded; 
a second reading module that repeatedly reads 
said foop portion folfowing said attack portion 
upon co mpletion of said reading of said attack 
portion; and 

a generating module that repeatedly executes 
said first and second reading nradule to 
sequ«ntialfv read out said designated 
sequence of waveforms and generate nxjsi- 
cal tones based on said designated sequence 
of wavefbrmSb 

12. A storage medium that stores a program that can 
be carried out by a computer, oonprising: 

a storing nrxxlule ttiat stores a plurality of Wnds 
of waveforms of musical tonee which change in 
pitch between two pitches, in musical tone 
wavefomvstoring means; 
a reading nKX&ile that selectively reads out 
waveforms from said plurality of kinds of wave- 
forms stored in said musical tone waveform- 
storing means; 

a selecting module that selects at random one 
wavefomn from said phrality of kinds of wav»- 
fonra of musical tones stored in sakJ musical 
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tone wavetornvstoring means whenever said 
selective reading of another waveform of said 
plurality of kinds of wavefams selected imme- 
diately t>efore said selection of said one wave- 
form is terminated; and 5 
a generating module that generates a nnjeical 
tone by reading out said waveform selected by 
execution of said selecting modula 

13. A staage medium that stores a program that can 10 
be canied out by a compute, comprising: 

a first storing module that storee a plurality of 
kinds of waveforms of musical tones each hav- 
ing a first characteristic as a first nruisical tone 15 
waveform group in first waveform-storing 
means: 

a second storing nrxxlule that stores a pturafity 
of lands of wavelbnm of nrusical tones each 
having a second characteristic as a second 20 
mustcat tone waveform group in second wave- 
form-storing means; 

a selecting nxidule that selects a waveform 
alternately from said first musical tone wave- 
form group and said second musical tone 2S 
wavefbrm group: and 

a generating module that generates a musical 
tone by reacSng out said wavefbrm selected fay 
execution of said selecting modulei 
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